Abstract. Histologic evaluation of four eyes from three stranded juvenile green turtles (Chelonia rnydas) from Florida, USA revealed ocular fibropapillomas composed of an overlying hyperplastic epithelium, various amounts of a thickened, well vascularized, collagenous stroma, and a moderate-to-dense population of reactive fibroblasts. The histologic morphology of the ocular fibropapillomas varied depending on whether the eyelid, conjunctiva, limbus, or cornea was the primary site of tumor origin. Fibropapillomas arising from the limbus, conjunctiva, or eyelid tended to be polyploid or pedunculated with a high degree of arborization. They often filled the conjunctival fornices and extended externally to be ulcerated on the distal aspects. Corneal fibropapillomas were more sessile and multinodular with less arborization. Some corneal tumors consisted primarily of a broad fibrovascular stroma and mild epithelial hyperplasia, whereas others had a markedly hyperplastic epithelium supported by stalks of fibrovascular stromal tissue. In green turtles ocular fibropapillomas may be locally invasive and associated with severe blindness and systemic debilitation.
in many parts of the world.'-' A dramatic increase in the prevalence of GTF in stranded green turtles has occurred since 1983. Up to 85% of individuals are affected in some region^.^-^ Fibropapillomas are thought to be of infectious origin in green turtles, as epizootics of papillomatosis have been r e p~r t e d .~-~ In two cases of cutaneous GTF, degenerative superficial epithelial cells contained eosinophilic intranuclear inclusions that were found to consist of viral particles. Based on size, location, and morphogenesis, these particles were considered to be compatible with members of the family Herpetoviridae.' It may be, however, that these viruses represent only secondary infections, merely present in a growing tumor, and not the etiologic agent of GTF.2 Determining the specific etiology of GTF is complicated by the common occurrence of spirorchid trematode eggs within dermal capillaries of the tumors.*-' The role of papillomaviruses in the pathogenesis of GTF has also not been fully elucidated. 2 Severe cutaneous and multisystemic visceral involvement is common in GTF.3 GTF of the skin, eyes, lung, heart, kidney, and gastrointestinal tract has been r e p~r t e d .~ Ocular GTF has been previously noticed in captured juvenile and adult green turtles in the cornea, eyelids, periocular skin, and conj~nctiva.~.~ Surgical removal of periorbital and corneal GTF has been att e m~t e d .~ Although the actual percentage of green turtles afflicted with ocular GTF is not known, the eye is reported to be frequently and severely affected in stranded turtle^.^.^ In spite of these many observations, no histologic description of ocular GTF exists. The purpose of this paper is to describe the histology of ocular GTF in order to make comparisons to the cutaneous form of the tumor.
Materials and Methods
Four eyes from three different stranded juvenile green turtles (Chelonia Mzydas) from the Florida Keys with ocular, cutaneous, and systemic signs of GTF were available for histologic examination. The size of the lesions suggested that severe visual deficits were present in each of these turtles. Specimens were obtained at the time ofanesthesia for surgical removal of the lesion or following death of the animal. Representative lesions were fixed in 10% neutral-buffered formalin, decalcified in formic acid-sodium citrate solution, embedded in paraffin, sectioned at 7 pm, and stained with hematoxylin and eosin and periodic acid-Schiff stains.
Results
Gross examination revealed each eye to have single to multiple, darkly pigmented, verrucous papillomatous lesions varying from 2 to 4 cm in diameter. The lesions arose from the cornea, the limbus, the conjunctiva, or the mucocutaneous junction of the eyelids (Figs. 1, 2) . Nonpigmented, whitish-tan areas of each mass were also present. In two globes, the lesion incorporated the entire cornea and limbus obscuring a focal site of origin. A distinct, isolated conjunctival mass was also present in one of these globes. A third eye had a single lesion arising from the limbus, whereas the fourth eye had one mass arising from the eyelid mucocutaneous junction and a second mass arising from the conjunctiva of the fornix.
Histologically, the masses arising from the conjunctiva, limbus, or eyelid mucocutaneous junction tended to be polypoid or pedunculated with a high degree of arborization (Fig. 3) . These masses usually enlarged to obliterate the conjunctival fornices and extended externally to become ulcerated on their peripheral surfaces. The surfaces tended to become more verrucous as the lesions increased in size. The lesions associated primarily with the cornea were more sessile and multinodular with less arborization (Fig. 4) .
The lesions were composed of a hyperplastic epithelium overlying varying amounts of a thickened, well vascularized, collagenous stroma containing a moderate-to-dense population of reactive fibroblasts (Figs. 5, 6 ) . Depending on the anatomic location, three predominate epithelial types consisting of noncornified stratified squamous, cornified stratified squamous, and epithelia consisting of large goblet cells were noted.
The epithelium of the limbal mass was up to 30 cells thick and was either a superficial noncornified stratified squamous epithelium or a cornified stratified layer with goblet cell differentiation at its base. Masses arising from the conjunctiva or mucocutaneous junction of the eyelids demonstrated a similar degree of hyperplasia. They were lined in the basal regions of the mass by goblet cells and on the more superficial aspects by cornified stratified squamous epithelium characterized by moderate orthokeratotic hyperkeratosis, cleftlike invaginated accumulations of excess keratin, and accumulated mucin (Fig. 5 ).
\ > - Two morphologic variations appeared in the corneal lesions. One corneal lesion was composed primarily of a broad fibrovascular stroma with only mild hyperplasia (up to 15 cells thick) of the overlying noncornified stratified squamous epithelium. The epithelium formed deep stromal invaginations and had multifocal areas of goblet cell differentiation (Figs. 3 , 6) . No normal corneal epithelium remained, and the stroma of the cornea was confluent with the mass of fibroblastic tissue. The lesion also incorporated and disrupted the scleral ossicles (Fig. 3) . The other more sessile corneal lesion had a markedly hyperplastic epithelial component (up to 40 cells thick) that formed numerous endophytic nodular masses and anastomosing cords of cells supported by scant intervening fibrous tissue (Figs.  4, 5) . The cells of the noncornified stratified squamous layer of this lesion retained a fairly organized pattern of growth with respect to the basement membrane, with only scattered foci of gentle swirling of some layers. The endophytic nodules often had cavitated centers filled with ghostlike remnants of sloughed epithelial cells (Fig. 5) . This lesion was also invasive of the cornea and sclera, causing obliteration of the corneal stroma and Descemet's membrane. Pronounced edema of the epithelium was noticed in some of the corneal sections. The size of individual epithelial cells in areas of epithelial hyperplasia varied from small cells with hyperchromatic nuclei to cells that were three times the normal size. These enlarged epithelial cells had large, homogeneous, amphophilic nuclei, often surrounded by a clear zone (Fig. 7) . Epithelial necrosis with occasional ballooning degeneration of the cells of the wing cell layer occurred in some lesions.
Fibroblasts within the stromal component of the masses were haphazardly arranged, but appeared to be more dense near the basement membrane of the epithelium. They had poorly defined borders, plump, ovalto-elongated nuclei with basophilic-to-vesicular chromatin, and prominent single to occasionally multiple nucleoli. Many capillaries lined by prominent endothelial cells were present throughout the stroma. A few capillaries in some lesions contained single trematode eggs with a morphology consistent with that of the spirorchid trematode, Luevedius lueredii. The stroma was often moderately to heavily pigmented due to the presence of numerous melanin-containing melanophores. Pigmentation of epithelial layers was absent. Moderate numbers of lymphocytes and plasma cells were found subconjunctivally in some sections. Inflammatory cells were not conspicuous near the epithelial cell layers.
Discussion
The term fibropapilloma comes from the papillary pattern (proliferating epithelial cells on thin fibrovascular stalks) of the early lesions and the prominence Although papillomavirus is a common cause of cutaneous fibropapillomas in mammals and has been reported in three species of birds,9 members of this group of viruses have not been identified in green turtles with fibropapillomatosis.24 Evidence of herpesviruses have been reported in cutaneous fibropapillomas of such diverse species as African elephant^,^ European green lizards, l o and recently in two cases of GTF,' but their role in the pathogenesis of cutaneous or ocular GTF is not clear. In green turtles with cutaneous fibropapillomas infected with herpesvirus, it may be that the virus has simply colonized a preexisting tumor.
Intranuclear inclusions in hyperplastic and hypertrophied epithelial cells of proliferative cutaneous papillomas in African elephants were similar morphologically to those seen with herpesviruses; attempts to demonstrate papillomavirus involvement gave negative r e s~l t s .~ Although predominantly localized to the elephant's trunks, eyelid papillomas were n~t i c e d .~
In deer, fibromas found around the eyes may interfere with vision.6 Local tissue infiltration or metastasis is infrequently found with these fibromas, although spreading to visceral organs has been reported and has been interpreted as representing multiple sites of attack by the causative agent rather than true metastases. 6 Viruslike particles have been observed in ephithelial cells from deer fibromas. The mode of natural transmission is not known in deer, but papillomatosis in cattle may represent a deficiency of cell mediated immunity.6 Similar to deer fibroma, GTF may commonly involve the periorbital tissues and the globe itself. As in deer, ocular GTF may interfere with vision and thus limit the animal's ability to feed. In contrast to deer, it is not uncommon to find visceral nodules in turtles with cutaneous or ocular GTF. GTF may be multicentric in development, rather than a metastasis from a primary site. There is no evidence of vascular invasion or a high mitotic index in cutaneous GTF. ' The histologic appearance of cutaneous GTF varies with what has been interpreted as early lesions displaying a more proliferative, papillary, arborizing epithelial pattern, to those with a less verrucous surface and a more prominent fibrovascular stromal component.4 These differences may be due to the time of onset, stage of tumor regression, host immune status, or presence of coinfection, or could be related to the anatomical site of origin of the tumor.
The variation in histologic appearance noted in the four turtle eyes between the sessile corneal lesions and the pedunculated, arborizing conjunctival fibropapillomas may simply indicate normal progression in GTF microenvironments provided for tumor or viral replication. Similar regional variation in histologic pattern is found in humans with ocular papillomas. Conjunctival papillomas in humans tend to be pedunculated when they arise at the lid margin, but sessile with a broad base at the corneoscleral junction.8 The proliferative, limbal epithelial stem cell population, biochemical differences in the epithelial extracellular ground substances, variations in ocular immune response, differences in corneal and conjunctival vascularity, and ultrastructural variations may also play a role in the development of specific forms of the tumors.
Herpesvirus-like, eosinophilic intranuclear inclusions have been noted by light microscopy in epidermal cells of cutaneous fibropapillomas of green turtles, and the presence of herpesvirus has been confirmed by transmission electron microscopy (TEM).' Such eosinophilic intranuclear inclusions were not found by light microscopy in ocular GTF.
Adult spirorchid trematodes are commonly found in the chambers of the heart and within the great vessels of green turtles. Their eggs have been reported in dermal blood vessels of GTF and were seen in one of the eyes we studied, but may only represent incidental finding^.^^^ Ocular GTF presents a severe epizootiologic and therapeutic problem for marine turtle biologists and veterinarians working with these threatened animals. This is a debilitating disease that seriously diminishes this turtle species' survivability. Obstruction of vision is known to deleteriously affect the ability to swim and feed.24 Because the tumors are fast growing, prompt surgical removal is recommended in cases with minimal systemic inv~lvement.~ The deep posterior infiltration of the cornea by the tumors makes keratectomies very difficult to accomplish successfully. Healing of periorbital GTF is reported to be sati~factory.~ Cryotherapy, radiation therapy, and laser photoablation are other therapeutic options that might be beneficial for ocular GTF.
